The enriched environment ameliorates chronic unpredictable mild stress-induced depressive-like behaviors and cognitive impairment by activating the SIRT1/miR-134 signaling pathway in hippocampus.
Chronic unpredictable mild stress (CUMS) is an important risk factor for depression and cognitive deficits in humans. Enriched environment (EE) showed a beneficial effect on depression and cognition by enhancing brain derived neurotrophic factor (BDNF) expression and synaptic plasticity. However, it is still not clearly understood whether an epigenetic mechanism is involved in the BDNF modulation and synaptic plasticity that occurs after EE treatment for the depressive-like behaviors and cognitive deficits elicited by CUMS. In this study, we investigated the possible mechanism of the neuroprotective effect of EE. All rats were exposed to the 5-week CUMS procedure except the control group. After CUMS procedure, some rats were stereotaxically injected with SIRT1 pharmacologic inhibitor EX527 or SIRT1 knocking down lentivirus (sh-SIRT1) in the hippocampus followed by EE treatment for 3 weeks. Other rats were directly subjected to EE treatment without stereotaxic injection. Behavioral tests were used to appraise depression and cognition after EE treatment. Then epigenetic molecules, synaptic proteins, dendritic spine density and branches, and synaptic morphology of the dorsal hippocampus were determined. We found that CUMS induced depressive-like behaviors including decreased sucrose preference ratio, prolonged immobility and reduced locomotor and exploratory activity; cognitive deficits including spatial learning and memory impairment; reduced dendritic spine density and number of branches; thinned postsynaptic density; downregulated SIRT1/microRNA-134 pathway, decreased BDNF and synaptic proteins including synaptophysin (SYN) and postsynaptic density protein 95 (PSD95) expression in the hippocampus. However, the CUMS-induced depressive-like behaviors, cognitive deficits, dendritic spine density and branch number reduction, postsynaptic density thinning, SIRT1/microRNA-134 pathway downregulation, BDNF and synaptic proteins reduction, including synaptophysin (SYN) and postsynaptic density protein 95 (PSD95), were reversed by EE treatment. However, depressive-like behaviors and cognitive deficits were observed again in rats subjected to stereotaxic injection with EX527 or sh-SIRT1. Furthermore, this study also found that SIRT1/microRNA-134 regulates the downstream molecules BDNF, and the synaptic proteins SYN and PSD95 in primary cultured hippocampal neurons. This study provides evidence for the neuroprotective role of EE on depression and cognitive deficits by activating the SIRT1/microRNA-134 pathway, which accounts for the regulation of synaptic proteins, including BDNF, PSD95 and SYN, dendritic remodeling and ultrastructure changes of synapses in the hippocampus.